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@ Apparatus and method for infrared aealing of plastic strap. 

@ A portable system provides a high-strength Joint between 
two portions (22,24) of radiant energy transmitting thermoplas- 
tic strap (25) having a radiant energy absorbing area (28) on one 
surface thereof wherein the strap portions are overlapped so 
that the opaque area is at the interface therebetween. The 
overlapped strap portions are urged together by being 
tensioned over an arcuate guide surface (61). Infrared energy is 
directed through a free uncontacted outer surface area of one 
of the strap portions and onto the opaque area for melting the 
adjacent strap surfaces to form a joint. 
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Description 



APPARATUS AND METHOD FOR INFRARED SEALING OF PLASTIC STRAP 



Background of the Invention 



Field of the Invention 

The present invention relates to systems for 
applying and sealing plastic strap around an object, 10 
and in particular to systems for forming a heat- 
sealed joint between overlapping portions of the 
plastic strap. 

Description of the Prior Art 75 

A number of prior techniques have been used to 
heat seal two portions of plastic strapping. These 
techniques have included the insertion of a hot knife 
between the overlapped strap portions to melt the 
facing strap surfaces; melting the facing strap 20 
surfaces by friction; ultrasonic welding of the strap 
portions; dielectric welding of the strap portions; the 
use of adhesives to join the strap portions together; 
and the use of radiant energy absorption by an 
opaque layer on one of the strap portions to melt the 25 
facing strap surfaces. The present invention relates 
to this latter technique of radiant energy strap 
sealing. 

The heat sealing of plastic straps by the use of 
radiant energy is disclosed in United Kingdom 30 
published application No. 2,103,147, and entails the 
use of plastic strapping which is a composite of a 
relatively thick translucent layer and a relatively thin 
opaque layer. The strap portions to be joined are 
overlapped and are pressed against the window of a 35 
tungsten-halogen lamp assembly so that the opaque 
layer of the lamp-side strap portion is In pressure 
contact with the other strap portion. The overlapping 
strap portions are then irradiated through the 
window with a high intensity transmission of radiant 40 
energy, primarily in the visible wavelengths. This 
energy passes through the translucent layer of the 
lamp-side strap portion with little or no absorption, 
and is preferentially absorbed by the opaque layer, 
which melts and fuses to the other strap portion to 45 
form a heat sealed joint therewith on cooling after 
the lamp has been switched off. 

While this prior system forms an effective, high- 
strength joint between the strap portions, it has 
been found to have certain practical operating 50 
disadvantages as a result of the necessity of 
clamping the strap portions against the lamp 
window. This clamping is necessary in order to 
ensure firm, uniform contact between the overlap- 
ping strap portions and to ensure that the strap 55 
portions are held stationary during the melting and 
fusing of the opaque layer, otherwise uneven and 
imperfect joints will result. But this clamping ar- 
rangement results in conduction of heat from the 
lamp window to the straps, since the lamp window is 60 
not perfectly transparent to radiant energy. The 
more rapid the operation of the sealing apparatus, 
the more the heat is absorbed by the window. This 



retained heat is, in turn, conducted from the window 
to the adjacent strap portions in succeeding cycles. 

This tends to defeat one of the prime intended 
advantages of the radiant energy technique, i.e., the 
selective heating of only a thin opaque layer at the 
interface of the overlapping strap portions, without 
significant heat absorption by the remainder of the 
strap. Selective heating of only a thin surface layer 
substantially eliminates thermal degradation and 
resultant weakening of the remainder of the strap 
thickness. But conduction of heat from the window 
back into the strap tends to heat and thermally 
degrade the translucent portion of the strap. 

Furthermore, the heat conducted into the strap 
from the window may be sufficient to reach the 
opaque layer and thereby effectively lower the heat 
contribution necessary from the lamp in order to 
attain optimal fusion of the strap portions. Thus, 
since the lamp is typically operated for a predeter- 
mined time period during each cycle, there will result 
overheating of the opaque layer and resultant heat 
conduction into and melting of the adjacent portions 
of the translucent layer. Indeed, it has been found 
that the lamp window may become so hot that it can 
start to melt the strap without any contribution at all 
from the lamp. 



Summary of the invention 

It is a general object of the present invention to 
provide an improved radiant energy apparatus and 
method for forming high-strength seal joints bet- 
ween plastic strap portions, which avoids the 
disadvantages of prior radiant energy systems while 
affording additional structural and operating advant- 



An important feature of the invention is the 
provision of a relatively simple and economical 
radiant energy method of joining thermoplastic strap 
portions. 

Another important feature of the invention is the 
provision of a method of the type set forth, which is 
energy efficient. 

Still another feature of the invention is the 
provision of a method of the type set forth which 
provides precisely controllable localized melting of 
the adjoining strap portions and minimizes thermal 
conduction into the remainder of the strap. 

In connection with the foregoing features, it is 
another feature of the invention to provide an 
apparatus for performing the methods of the type 
set forth. 

In connection with the foregoing feature, a still 
further feature of the invention is the provision of 
apparatus of the type set forth which is portable and 
lightweight. 

These and other features of the invention are 
attained by providing a method of forming a 
high-strength seal joint between two portions of 
plastic strap, each being formed of a radiant energy 
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transmitting thermoplastic material and having sub- 
stantially flat opposed surfaces, the method com- 
prising the steps of: providing a radiant energy 
absorbing area on at least one of the surfaces of at 
at least one of the strap portions, disposing the strap 
portions in overlapping engagement with each other 
with the radiant energy absorbing area disposed at 
the interface between the strap portions, exposing 
the radiant energy absorbing area to radiant energy 
by passing the radiant energy through one of the 
strap portions for melting a region of the strap 
portions at the engaged surfaces thereof, urging the 
overlapped strap portions against each other and 
restraining them against movement during irradia- 
tion without contacting the surface of the strap 
portions through which the radiant energy enters, 
and terminating the exposure of the radiant energy 
absorbing area to the radiant energy, thereby to 
form a joint between the urged-together portions of 
the strap upon cooling and resolidification of the 
melted region thereof. 

The invention consists of certain novel features 
and a combination of parts hereinafter fully de- 
scribed, illustrated in the accompanying drawings, 
and particularly pointed out in the appended claims, 
it being understood that various changes in the 
details may be made without departing from the 
spirit, or sacrificing any of the advantages of the 
present invention. 



Brief Description of the Drawings 

For the purpose of facilitating an understanding of 
the invention, there is illustrated in the accompa- 
nying drawings preferred embodiment thereof, from 
an inspection of which, when considered in connec- 
tion with the following description, the invention, its 
construction and operation, and many of its advant- 
ages should be readily understood and appreciated. 
FIG. 1 is a side elevational view of a sealing 
apparatus constructed in accordance with and 
embodying the features of the present inven- 
tion, with portions of the structure broken away 
more clearly to show the interior construction; 

FIG. 2 is an end elevational view of the 
apparatus of FIG. 1. as viewed from the 
left-hand end thereof; 

FIG. 3 is an enlarged, fragmentary view of the 
sealing region of FIG. 1 and illustrating the 
tensioning of strap in the apparatus; 

FIG. 4 is an enlarged, fragmentary, perspec- 
tive view of two overlapped portions of strap 
having an opaque layer on one surface of the 
strap, and illustrating a joint formed between 
the strap portions by means of the present 
invention; and 

FIG. 5 is a partially schematic and partially 
block diagram of a control circuit for controlling 
the operation of the sealing apparatus of FIG. 1 . 



Description of the Preferred Embodiment 
Referring to FIGS. 1-2, there is illustrated a sealing 



apparatus, generally designated by the numeral 20. 
constructed in accordance with and embodying the 
features of the present invention. The sealing 
apparatus 20 is a portable device for heat-sealing 
5 together portions 22 and 24 of thermoplastic 
strapping, the portions 22 and 24 typically being 
parts of the same strap 25, although they could be 
portions of two separate straps. Referring to FIG. 4, 
each strap portion 22 and 24 has substantially 
10 parallel flat opposed outer surfaces 26 and 27 and is 
formed of a radiant energy transmitting plastic 
material. More particularly, each of the strap por- 
tions 22 and 24 is substantially transparent or 
semi-transparent so as to be highly transmissive of 
15 radiant energy, particularly infrared energy. One of 
the surfaces 26 and 27 has a substantially opaque 
radiant energy absorbing area 28 thereon, the strap 
portions 22 and 24 being overlapped with the 
opaque area 28 at the interface therebetween, as will 
20 be explained in greater detail below. 

As illustrated in FIG. 4, the strap 25 has a clear 
thermoplastic strap body 29 which is highly trans- 
missive of infrared radiant energy. The opaque area 
28 is in the form of an opaque thermoplastic layer 
25 which is physically integral with the body 29 and may 
be formed thereon by coextrusion, chemical graft- 
ing, laminating, or the like. The body 29 and the layer 
28 may be formed of any suitable thermoplastic 
material, such as polyethylene, nylon, polypropylene, 
30 and the like, which exhibits sufficient tensile strength 
for use in strapping applications. It can be seen that 
the surface 27 of the strap 25 is defined on the outer 
surface of the layer 28, while the surface 26 is 
defined on the outer surface of the body 29. 
35 It will be appreciated that the opaque area 28 
could comprise an opaque marking formed on the 
surface 27 instead of a separate opaque layer. Such 
a marking may be formed of an opaque ink or other 
suitable material which has sufficient opacity to be 
40 highly absorbent of infrared radiant energy, but the 
marking is applied in a very thin coating, so as not to 
interfere with the bonding action. The marking could 
be formed along the entire length of the strap or 
along only a limited-length portion thereof. In the 
45 latter case, there could be provided a suitable 
marking device (not shown), either on the apparatus 
20 or adjacent thereto, for marking one of the strap 
portions 22 or 24 immediately before they are 
brought into overlapping relationship with each 
50 other. 

The sealing apparatus 20 includes a generally 
box-like housing 30 having a relatively wide bottom 
portion 31 and a relatively narrow top portion 32 
having a rectangular aperture 33 therethrough for 

55 defining a thin handle portion 34. Mounted on the top 
of the housing 30 is a trigger switch 35 positioned so 
as to be operable by the thumb of the user when his 
fingers are extended through the aperture 33 and 
wrapped around the handle portion 34. An AC 

60 electric cord 36 is coupled to the housing 30 and is 
provided with a strain relief fitting 37 in a known 
manner. 

The bottom of the housing 30 is closed by a base 
plate 38 which has a concave arcuate outer surface 
65 39. Formed in the base plate 38 centrally thereof is a 
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rectangular aperture 40 which communicates with a 
lamp chamber 42 disposed within the housing 30. 
Preferably, the walls of the lamp chamber 42 are 
covered with a radiant energy reflective lining 44, 
made of a suitable material, such as aluminum. 
Disposed within the chamber 42 are two infrared 
lamps 45 (one shown), which are preferably quartz 
infrared lamps. When the lamps 45 are energized, 
infrared radiant energy is transmitted through the 
aperture 40. Disposed above the chamber 42 is a fan 
46, arranged to move air around the chamber 42 and 
outwardly through the aperture 40 for cooling 
purposes. 

Also formed in the base plate 38 adjacent to one 
end thereof is an aperture 47 through which a 
gripper member 48 may project for reciprocating 
movement, as will be explained more fully below. 
Also formed in the base plate 38 adjacent to the 
other end thereof is an aperture 49 for a tensioning 
assembly 50. More specifically, the tensioning 
assembly 50 includes a tension wheel 51 mounted 
for rotation about the axis of a shaft 52. The tension 
wheel 51 is provided around the periphery thereof 
with gripping teeth 53 disposed for cooperation with 
an associated pawl 54, so that the tension wheel 51 
is rotatable in use only in a counterclockwise 
direction, as viewed in Fig. 1. The tensioning 
assembly 50 also includes an elongated lever arm 55, 
which is disposed outside the front wall of the 
housing 30 and is fixedly secured at one end thereof 
to the outer end of the shaft 52. 

Disposed beneath the housing 30 is a platen 60 
which includes a solid body 61 fixedly secured at the 
rear end thereof to the housing 30. The body 61 is 
provided with an arcuate upper surface 65, which 
has substantially the same curvature as the arcuate 
surface 39 of the base plate 38 and is spaced 
therebelow a predetermined fixed distance for 
cooperation therewith to define therebetween an 
arcuate slot 66, which extends the entire length of 
the housing 30 and is dimensioned for receiving two 
thicknesses of the associated strap 25 therein. 
Preferably, the platen 60 projects forwardry a slight 
distance beyond the front wall of the housing 30 so 
as to define a projecting lip or edge 67 to facilitate 
sliding of the strap sidewise into the slot 66, as will 
be explained more fully below. The portion of the slot 
66 immediately beneath the aperture 40 defines a 
sealing region 68. 

In FIG. 1, the lever arm 55 is shown in solid line in 
an intermediate position B, and other positions 
being indicated by axes shown in broken line, and 
respectively designated A, C and D. In normal 
operation, the lever arm 55 is pivotally movable 
about the axis of the shaft 52 between the positions 
B and C for tensioning the strap. When the lever arm 
55 moves in the counterclockwise direction, it 
rotates the tension wheel 51, and when it moves in 
the clockwise direction, it moves the shaft 52 
independently of the tension wheel 51, the latter 
being held against rotation by the pawl 54. Thus, 
tensioning is accomplished by a ratchettng-type 
operation of the lever arm 55, in a known manner. 

Preferably, there are soft detents provided at the 
positions B, C and D so that the operator will know 



when he has reached these positions. When the 
strap has been tensioned the desired amount, the 
lever arm 55 is moved past the detent at the position 
C, thereby actuating suitable mechanical linkage 
5 (not shown) to move the gripper 48 downwardly 
through the aperture 47 to a gripping position for 
cooperation with the platen 60 to securely grip the 
strap 25 therebetween. At the position D there is a 
stop to prevent further movement of a lever arm 55. 
10 In moving to that position, the lever arm 55 also 
actuates suitable linkage (not shown) for operating a 
cutter or knife 84 (see FIG. 5) to sever the supply 
portion of the strap 25, preferably just to the left of 
the tension wheel 51, as viewed in FIG. 1. 
15 When the lever arm 55 is moved past the detent at 
position B to the position A, it shifts the shaft 52 
upwardly for translating the tension wheel 51 to a 
release position withdrawn upwardly out of the slot 
66 to facilitate removal of the sealed strap and 
20 insertion of a new strap, all in a well known manner. 
Referring now to FIG. 5, the sealing apparatus 20 
includes a control circuit 70, which may be mounted 
on a suitable circuit board (not shown) within the 
housing 30. The AC power cord 36 is adapted to be 
25 plugged into an associated source of 120 VAC, 60 
hertz power, the conductors 71 and 72 of the cord 36 
being coupled through a circuit breaker 73. A 
suitable power supply 74 is connected across the 
AC conductors 71 and 72 to produce a DC supply 
30 voltage, which is in turn applied to a master 
controller 75, which may include a suitable inte- 
grated circuit microprocessor operating under 
stored program control. The master controller 75 is 
coupled to a cycle timer 76, which is in turn coupled 
35 to a manual timer adjustment knob 77, which is 
preferably disposed inside the housing 30 and can 
be factory adjusted to set the maximum exposure 
time for the infrared radiant energy. The trigger 
switch 35 is also coupled to the master controller 75. 
40 Also connected in series across the AC line are a 
solid state power relay 80 and the AC arms of a 
rectifying bridge 81, which may be a diode bridge. 
Connected in series across the DC arms of the 
bridge 81 are the series connection of suitable 
45 current sensors 82 and the infrared lamps 45, the 
current sensors 82 having an output connected to 
the master controller 75. Also connected to the 
master controller 75 are suitable indicators 83, the 
knife 84 and limit switches 85. Preferably, the fan 46 
50 is connected across the AC line so that it runs 
whenever the sealing apparatus 20 is plugged in. 

In operation of the sealing apparatus 20, a strap 25 
is first wrapped around the object to be strapped. 
Then the supply portion 22 of the strap 25 is 
55 overlapped with the leading end portion 24 thereof 
with the opaque area 28 disposed at the interface 
between the strap portions 22 and 24, as is best 
illustrated in FIGS. 3 and 4. The lever arm 55 of the 
tensioning assembly 50 is disposed in its position A, 
60 holding the tensioning wheel 50 in its release or 
retracted position. Then the seaiing apparatus 20 is 
positioned on top of the object to be strapped and 
the overlapped strap portions are slid sidewise into 
the slot 66 between the base plate 38 and the platen 
65 60, so that the strap portions 22 and 24 will overlap 
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along the entire length of the arcuate surface 65. It 
will be appreciated that the slot 66 has a depth 
sufficient to accommodate various widths of strap 
and the aperture 40 has a depth such that it extends 
all the way to the back wall of the slot 66, to ensure 
that the full width of the strap will be in registry with 
the aperture. 

When the overlapping strap portions 22 and 24 are 
thus positioned in the slot 66, the operator moves 
the lever arm 55 past the position B to shift the 
tension wheel 51 into engagement with the upper or 
supply portion 22 of the strap. Continued movement 
of the lever arm 55 to the position C will rotate the 
tension wheel 51 for moving the supply portion 22 of 
the strap in a tensioning direction, as indicated by 
the arrow X in FIG. 1. The operator then oscillates 
the lever arm 55 repeatedly between the positions B 
and C until the desired tension has been reached. 
This tensioning operation will not move the leading 
end portion 24 of the strap, since the friction 
between the leading end portion 24 and the platen 60 
is much greater than the friction between the 
overlapped strap portions 22 and 24. In this regard, 
the arcuate surface 65 of the platen 60 may be a 
roughened friction surface, if desired. 

After the strap 25 has been sufficiently tensioned, 
a suitable tension sensing mechanism (not shown) 
may be actuated to provide a suitable indication by 
one of the indicators 83. One suitable type of tension 
sensing mechanism may constitute a resilient 
mounting of the platen 60, such as on Belleville 
springs or the like, which yield when the predeter- 
mined tension is reached to actuate a suitable 
switch. Alternatively, torque sensing apparatus 
could be provided in connection with the shaft 52 of 
the lever arm 55. When the predetermined tension is 
reached, the lever arm 55 is moved past the position 
C for moving the gripper 48 to its gripping position 
for securely clamping the overlapped strap portions 
22 and 24 between the gripper 48 and platen 60. The 
continued movement of the lever arm 55 to the 
position D will cause a continued tensioning rotation 
of the tension wheel 51 for tensioning the upper or 
supply portion 22 of the strap between the gripper 
48 on the tensioning wheel 51. 

The parts are configured so that the movement of 
the lever arm 55 from the position C to the position D 
will impart a predetermined minimum tension to the 
supply portion 22 of the strap. Because the strap is 
being tensioned over an arcuate surface 65, the 
tension force in the strap will have a vertical 
transverse component as well as a component 
longitudinally of the strap. This transverse vertical 
force component serves to securely clamp the 
overlapped strap portions 22 and 24 against the 
platen 60 in the sealing region 68, thereby serving to 
hold the strap portions 22 and 24 motionless and in 
firm engagement with each other in the sealing 
region without contacting the strap surface facing 
the aperture 40 in the vicinity of the lamps 45. 

It will be appreciated that a transverse force 
component will be exerted in the strap portions 22 
and 24 throughout the tensioning operation. But in 
certain applications, such as in the strapping of 
certain compressible materials, little or no tension is 
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required in the strap for purposes of holding the 
strapped object, since the expansion of the object 
material after strapping will securely hold the strap 
against the strapped object. In such cases, the 
5 gripper 48 serves the purpose of ensuring that there 
will be a predetermined minimum tensioning of the 
supply portion of the strap 22, so that there will in 
turn be a predetermined minimum clamping force 
exerted on the strap against the platen 60, sufficient 

10 to effect proper joint formation. 

Preferably, movement of the lever arm 55 to the 
position D will also actuate one of the limit switches 
85 to cause the master controller 75 to activate a 
suitable one of the indicators 83 to inform the 

15 operator that the strap is ready for sealing. In this 
regard it will be appreciated that the master 
controller 75 is supplied with DC power as soon as 
the sealing apparatus 20 is plugged in. 

At this point, the operator actuates the trigger 

20 switch 35, which signals the master controller 75, to 
initiate a lamp energization cycle, the duration of 
which is controlled by the cycle timer 76. The master 
controller 75 is programmed so that, upon closure of 
the trigger switch 35, the solid state power relay 80 is 

25 switched to its closed condition for applying AC 
power to the rectifying bridge 81, thereby applying 
rectified AC power to the Infrared lamps 45 for 
energizing them. The lamps 45 are energized at full 
intensity, thereby emitting infrared radiant energy 

30 which is transmitted through the aperture 40 and 
through the clear body of the upper strap portion 22 
to the opaque area 28. Upon exposure of the opaque 
area 28 to the infrared energy, it absorbs the energy, 
heating the adjacent areas of the strap portions 22 

35 and 24 contiguous thereto and melting them so that 
they flow together and fuse. 

The length of time that the infrared lamps 45 are 
energized is controlled by the cycle timer 76, which 
is in turn set by the adjustment of the manual 

40 adjustment knob 77. Typically, the lamps 45 may be 
energized for approximately two seconds, after 
which the master controller 75 opens the power 
relay 80 and deenergizes the lamps 45, thereby 
terminating the exposure of the opaque area 28 to 

45 infrared radiant energy. It has been found that this 
length of time is sufficient to melt the facing surfaces 
of the overlapping strap portions enough to form the 
joint, while limiting the depth to which the overlap- 
ping strap portions 22 and 24 are melted to a small 

50 fraction of the thickness thereof, thereby preventing 
thermal degradation of the strap portions 22 and 24 
except near the interface therebetween. When the 
radiant energy has been turned off, the melted strap 
regions rapidly cool and resolidfy in approximately 

55 two seconds, thereby forming a firm joint 90 (see 
FIG. 4) between the strap portions. 

After the joint 90 has had time to cool, the master 
controller 75 will activate a suitable one of the 
indicators 83 to signal the operator that the joint 

60 formation is complete. At this juncture, the operator 
moves the lever arm 55 just past the position D, 
thereby actuating a suitable one of the limit switches 
85 to cause the knife 84 to be actuated to sever the 
supply portion 22 of the strap just to the left of the 

65 tension wheel 51. Then, the operator returns the 
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lever arm 55 to the position A, thereby releasing the 
gripper 48 and the tensioning assembly 50 to permit 
removal of the sealed strap 25 from the slot 66. 

Since the fan 46 is connected directly across the 
AC line, it runs all the time that the sealing apparatus 5 
20 is plugged in, so as to prevent the buildup of heat 
in the platen 60. If desired, the fan 46 could be 
connected so as to operate under the control of the 
master controller 75. The current sensor 82 monitors 
the condition of the infrared lamps 45, the condition 10 
of which can be signaled by suitable ones of the 
indicators 83. If desired, the gripper 48 and the knife 
84 could be solenoid-operated, in which case the 
solenoids could be actuated by closure of limit 
switches at the positions C and D of the lever arm 55. 75 

It is a significant feature of the invention that it 
requires the use of only two one-kilowatt bulbs, 
which are operated for only a very short period of 
time during each sealing cycle. Thus, the system and 
method of the present invention are highly energy 20 
efficient. Another significant advantage of the pres- 
ent invention is that it permits concentration of the 
heating energy at the interface between the strap 
portions, and prevents significant penetration of 
heat into the remainder of the strap portions without 25 
contacting the strap surface which faces the 
radiation source. This serves to effect rapid melting 
of the engaged surfaces of the strap portions, while 
effectively minimizing thermal degradation of the 
remainder of the strap. Furthermore, the present 30 
invention permits a precisely controllable and accur- 
ately repeatable process. Because the melted 
regions of the overlapping strap portions do not 
come into contact with a mechanical heating 
element, there is minimal emission of smoke or 35 
noxious fumes. 

Another significant advantage of the present 
invention is that the short duration of exposure to 
infrared energy permits the infrared lamps 45 to be 
positioned in close proximity to the strap 25, and be 40 
contained in a housing 30 which affords a very 
compact design, greatly facilitating portability. 

it has been found that with the use of the present 
invention, seal joints between thermoplastic strap 
portions can be effected with near 100°/o joint 45 
efficiency, i.e., the resulting joint has a strength 
approaching or equaling the ultimate strength of the 
strap itself. 

While in the preferred embodiment of the inven- 
tion, the aperture 40 has a width greater than the 50 
width of the strap so as to expose the opaque area 
28 to infrared energy along the entire width of the 
strap, it will be appreciated that, if desired, the 
aperture 40 could be made of any size or shape. 
Thus, the present invention can provide a masking 55 
technique to selectively vary the size and shape of 
the joint region. 

While, in the preferred embodiment the desired 
transverse force holding the overlapping strap 
portions 22 and 24 together is achieved by longitudi- 60 
nally moving the supply portion 22 of the strap in a 
tensioning direction over an arcuate platen, the 
same result could be achieved in another way. Thus, 
for example, the overlapping strap portions 22 and 
24 could be disposed over a flat horizontal guide 65 



surface with an opening therein immediately beneath 
the sealing region 68. The overlapping strap portions 
could then be clamped on both sides of the sealing 
region 68, and an arcuate surface on a lower platen 
could be moved up through the opening in the guide 
plate and into engagement with the overlapped strap 
portions to displace them upwardly and thereby 
provide the desired clamping force therebetween. 

From the foregoing, it can be seen that there has 
been provided an improved apparatus and method 
for forming a high-strength heat sealed joint bet- 
ween portions of thermoplastic strap. More specifi- 
cally, the present invention provides a system which 
is of simple and economical construction and 
operation, which provides a very rapid seal forma- 
tion, which effectively restrains the strap portions to 
be joined against movement during the joint-forming 
operation without mechanically clamping the strap 
within the sealing region, which provides an ex- 
tremely uniform and concentrated heating only at the 
strap interface with minimal thermal degradation of 
adjacent regions of the strap, which affords high 
reliability and repeatability, and which provides a 
joint strength approaching or equaling the ultimate 
strength of the strap itself. 



Claims 

1. A method of forming a high-strength seal 
joint between two portions (22,24) of plastic 
strap (25), each being formed of a radiant 
energy transmitting thermoplastic material and 
having substantially flat opposed surfaces 
(26,27), the method comprising the steps of: 
providing a radiant energy absorbing area (28) 
on at least one of the surfaces of at at least one 
of the strap portions, disposing the strap 
portions in overlapping engagement with each 
other with the radiant energy absorbing area 
disposed at the interface between the strap 
portions, exposing the radiant energy absorb- 
ing area to radiant energy by passing the radiant 
energy through one of the strap portions for 
melting a region of the strap portions at the 
engaged surfaces thereof, urging the over- 
lapped strap portions against each other and 
restraining them against movement during 
irradiation without contacting the surface of the 
strap portions through which the radiant energy 
enters, and terminating the exposure of the 
radiant energy absorbing area to the radiant 
energy, thereby to form a joint between the 
urged-together portions of the strap upon 
cooling and resolidification of the melted region 
thereof. 

2. The method of claim 1 , wherein the radiant 
energy is predominantly infrared energy. 

3. The method of claim 1, wherein the two 
strap portions are on the same strap. 

4. The method of claim 1, wherein the radiant 
energy absorbing area is provided by providing 
a layer of radiant energy absorbing thermoplas- 
tic material on the at least one strap portion. 

5. The method of claim 1 , wherein the radiant 




EP 0 337 776 



energy absorbing area is provided by making a 
radiant energy absorbing marking on the at 
least one surface of the at least one strap 
portion. 

6. The method of claim 1, and further 5 
comprising the step of: placing at least one of 

the overlapped strap portions under tension 
prior to exposure of the radiant absorbing area 
to radiant energy. 

7. The method of claim 1 , wherein the radiant 10 
energy is passed through a strap portion on 
which a radiant energy absorbing area is 
provided. 

8. Apparatus (20) for forming a high-strength 

seal joint between two overlapped portions 15 
(22,24) of plastic strap (25) each formed of 
radiant energy transmitting material, wherein at 
least one of the overlapped strap portions has a 
thermoplastic region (29) including an area (28) 
of radiant energy absorbing material disposed 20 
in facing relationship with the other overlapped 
strap portion, said apparatus comprising: a 
source of radiant energy (45), urging means 
(50) for placing the overlapped strap portions 
under tension along a curved path to urge the 25 
overlapped strap positions together, and 
means (42) for directing the radiant energy 
through one of the urged-together portions of 
the strap and onto the radiant energy absorbing 
area for heating the area and melting the 30 
adjacent thermoplastic region, whereby the 
overlapped strap portions are fused together 
for forming a joint therebetween upon cooling 
and resoiidification of the melted thermoplastic 
region. 35 

9. The apparatus of claim 8, wherein said 
urging means (50) includes guide means (60) 
defining the curved path. 

10. The apparatus of claim 9, wherein said 
curved path is arcuate in shape. 40 

11. The apparatus of claim 8, wherein said 
urging means does not contact the strap 
portions through which the radiant energy 
enters. 

12. The apparatus of claim 8, wherein the 45 
source of radiant energy is an infrared source. 

13. The apparatus of claim 8, wherein the two 
strap portions are on the same strap, and 
further comprising cutter means (84) for sever- 
ing the joined strap portions from supply 50 
portions of the strap. 

14. Apparatus (20) for forming a high-strength 
seal joint between two overlappd portions 
(22,24) of plastic strap (25) each formed of 
radiant energy transmitting material, wherein at 55 
least one of the overlapped strap portions has a 
thermoplastic region (29) including an area (28) 

of radiant energy absorbing material disposed 

in facing relationship with the other overlapped 

strap portion, said apparatus comprising: a 60 

source of radiant energy (45), guide means (60) 

defining a convex arcuate surface, means (50) 

for tensioning at least one of the overlapped 

strap portions over said arcuate guide surface 

to a sealing configuration wherein the over- 65 




lapped strap portions are firmly urged together 
with the at least one of the strap portions having 
a free outer surface area being exposed to the 
atmosphere and facing said source of radiant 
energy and with the other of the strap portions 
in contact with said arcuate guide surface, 
means (42) for directing the radiant energy 
through said free outer surface area of the at 
least one of said overlapped strap portions and 
onto the radiant energy absorbing area for 
heating the area and melting the adjacent 
thermo-plastic region, whereby the overlapped 
strap portions are fused together for forming a 
joint therebetween upon cooling and resoiidifi- 
cation of the melted thermoplastic region. 

15. The apparatus of claim 14, wherein said 
arcuate guide surface is fixed, said tensioning 
means (50) including means (51) for moving the 
strap portions longitudinally over said arcuate 
guide surface. 

16. The apparatus of claim 14, and further 
comprising means (48) for inhibiting increase of 
tension in said other one of the overlapped 
strap portions. 

17. The apparatus of claim 16, wherein said 
inhibiting means includes means (48) for clamp- 
ing the overlapped strap portions against said 
guide surface. 

18. The apparatus of claim 14, and further 
comprising means (76) for controlling the 
duration of exposure of the radiant energy 
absorbing area to the radiant energy. 
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© Apparatus and method for infrared sealing of plastic strap. 



© A portable system provides a high-strength joint 
between two portions (22,24) of radiant energy trans- 
mitting thermoplastic strap (25) having a radiant en- 
ergy absorbing area (28) on one surface thereof 
wherein the strap portions are overlapped so that the 
opaque area is at the interface therebetween. The 



overlapped strap portions are urged together by 
being tensioned over an arcuate guide surface (61). 
Infrared energy is directed through a free uncontac- 
ted outer surface area of one of the strap portions 
and onto the opaque area for melting the adjacent 
strap surfaces to form a joint. 
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